Aims/hypothesis Epidemiological evidence shows an increasing prevalence of type 2 diabetes in Taiwan. The aim of this study was to assess the yearly incidence for this country during 1992-1996. Subjects and methods Data obtained by telephone interviews of 93,484 diagnosed diabetic patients enrolled in Taiwan's National Health Insurance programme formed the basis of this study. A total of 36,153 incident cases of type 2 diabetes (17,097 men and 19,056 women) were identified and incidence rates calculated. The trends of obesity and parental diabetes were also evaluated.
Introduction
According to three different surveys in the city of Taipei, the crude prevalence rate of diabetes for those aged ≥40 years was 5.1% in 1970, 7.1% in 1979, and 8.2% in 1986 [1] . However, because of changes in diagnostic criteria, the lack of standardisation in methods and changes in the demographic structure of the population, it was not possible to evaluate whether this trend towards an increase in prevalence truly reflects an increasing incidence of diabetes in Taiwan. Furthermore, the increasing prevalence of diabetes may result from any one or any combination of the following factors: a rise in the incidence rate, a change in the mortality rate in either the diabetic or the non-diabetic population, an earlier age of onset of diabetes, demographic changes, or changes in the ratio of diagnosed to undiagnosed cases [2] . Although there is probably little doubt regarding the increasing prevalence of diabetes [3] , whether there is also an increase in incidence is controversial [2, 4, 5] .
The National Health Insurance (NHI) programme is a health care system unique to Taiwan. Joining this health care system is mandatory for every person, as stipulated by law, except for those who are serving in the military or are subject to criminal sanction, etc. [6, 7] . Thus, effective use of its database would allow us to accurately estimate the yearly incidence of diagnosed diabetes in Taiwan. Age, obesity, parental diabetes and race/ethnicity have consistently been shown to be important risk factors for type 2 diabetes [8, 9] . The purpose of this study was to assess the national incidence trends of diagnosed type 2 diabetes during 1992-1996 (before the revision of the diagnostic criteria for diabetes proposed by the American Diabetes Association in 1997 [10] ) in each specific age and sex subgroup in the Taiwanese population and to evaluate the impact of obesity and parental diabetes, by using the data of an epidemiological survey of diagnosed diabetic patients enrolled in the NHI system.
Subjects and methods

Study subjects
The study was approved by the ethics committee of the Department of Health of Taiwan. Participants were informed of the purpose of the study and consented to be interviewed. Because >96% of the total population of Taiwan is covered by the compulsory and country-wide NHI and the copayment rate is low (5-30% for inpatient care, and there is a fixed charge of approximately US$1.40-12.4 for outpatient care), almost all diagnosed diabetic patients are enrolled in this system [6, 7] . Therefore, the NHI databases of medical benefit claims are suitable for deriving a national sample of diagnosed diabetic patients. The selection of such a national sample has also been described elsewhere [6, 7] . In brief, we identified a total of 256,036 patients from 66 hospitals and clinics located evenly throughout Taiwan, using the codes for the diagnosis of diabetes mellitus defined by the ninth revision of the International Classification of Diseases; i.e. code 250 or the abridged code of A181. The 66 hospitals and clinics were selected so as to give a homogeneous geographical distribution and to include all levels of medical setting. To create a cohort of 90,000 patients (approximately one-sixth of the estimated number of 540,000 diagnosed diabetic patients in Taiwan during the period) for long-term followup, one out of every two identified patients (i.e. 128,572 cases from the 256,036 patients) was randomly selected, assuming a response rate of 70%. Each identified patient was given a unique serial number, and a random sample was created by using the random sample of cases in the statistical package SPSS (Chicago, IL, USA). The total number of diagnosed diabetic patients covered by NHI between July 1997 and June 1998 was 536,159 [11] . This figure was used as the definition of 'all diagnosed diabetic patients' during the study period. The patients in this study were considered to be a subset of the database total of 536,159 because the same codes as those mentioned above were used to identify the patients from the databases of the clinical settings.
Telephone interview
From 1 March 1995 to 30 April 2002, well-trained interviewers used a structured questionnaire to conduct a telephone survey. There were six interviewers during most time periods and four of them worked from the beginning to the end of the project. Researchers tried to contact subjects up to three times before giving up. The interviewers handed in the interview questionnaires every week, and all returned questionnaires were checked by an assistant and then double-checked by the investigator.
Information obtained from the questionnaire
The information obtained from this interview for analysis included age, sex, family history of diabetes, presence or absence of diabetic ketoacidosis at onset of diabetes, requirement and time of insulin use after diabetes diagnosis, the year of diabetes diagnosis, and body height and weight at the time of interview. The BMI at interview was calculated and obesity was defined as BMI ≥25 kg/m 2 , as suggested for Asian populations [12] .
Classification of diabetes
The classification of type 1 diabetes was based on either of the following two criteria: (1) 
Calculation of incidence rates
In Taiwan, a household registration system has been strictly enforced. Therefore, age-and sex-specific population subgroup of onset age, sex and calendar year. The incidence trends were tested by linear regression, in which the incidence rate was the dependent variable and the calendar year was the independent variable. The incidence rate ratios between the year 1996 and the year 1992 were calculated using the incidence rates of 1992 as referent groups. A linear test for trend for the proportions of obesity and parental diabetes among the incident cases was performed for each group of onset age in the different sexes. Data were expressed as means (SD) or percentages, and p<0.05 was considered statistically significant. Table 1 shows the baseline characteristics of the incident cases during the years 1992-1996 by sex. There were more women than men, and women were significantly older in onset age, had higher BMI at interview, but a lower percentage of parental diabetes. The proportion of obesity at interview was also higher in the women. Table 2 shows the age-and sex-specific incidence rates and incident case numbers calculated for the years 1992-1996. Incidence increased with age, reaching a peak at the age of 55-64 years, and then decreased slightly. Except for the age groups of 45-54 and 55-64 in both sexes and the age groups of 35-44 and 55-64 in women, the trends of incidence rates increased significantly from 1992 to 1996. The respective incidence rate ratios between the years 1996 and 1992 are also shown in Table 2 . Figure 1 shows the trends of obesity at interview and parental diabetes in the incident cases. The trend of obesity at interview was highly significant for all age groups as a whole (Fig. 1a) and for different age groups (Fig. 1b) (p<0.001). The trend of parental diabetes was not significant for the group as a whole (Fig. 1a, p>0.1 ), but showed different effects in different age groups (p<0.05 for the group <35 years with a decreasing trend; p<0.05 for the age groups ≥65 and 55-64 years with increasing trends; and p>0.1 for the age groups 45-54 and 35-44 years with nonsignificant trends).
Results
Discussion
The findings demonstrated an increasing trend of diagnosed type 2 diabetes in Taiwan during 1992-1996. As a whole, a 1.8-fold increase in incidence was observed for both sexes ( Table 2 ). The incidence rate ratios were higher in men than in women for all age groups (Table 2) . Although the incidences were relatively low in the population aged <35 years, the rate ratios were highest in this age group (Table 2) . A parallel increase in obesity at interview was observed in all age groups (Fig. 1) , accompanying the trend of increasing incidence (Table 2 ). This was also most marked in the young population. In Taiwan, obesity is becoming more common, especially in the young generation and the male gender [14] [15] [16] . In three surveys among schoolchildren aged 12-15 years in 1980-1982, 1986-1988 and 1994-1996 , the respective prevalences of obesity were 12.4, 14.8 and 16.4% for boys and 10.1, 11.1 and 11.1% for girls [14] . Comparing the data obtained in the second [15] and third [16] National Nutrition and Health Survey in Taiwan, in 1986 Taiwan, in -1988 Taiwan, in and 1993 Taiwan, in -1996 , respectively, mean body weight increased by 1.2-7.0 kg in males and 0.9-9.0 kg in females, and BMI increased in all ages from 4 to ≥65 years in both sexes. It is also interesting that obesity was more prevalent in men at younger ages, but more prevalent in women at older ages [16] . This partly explained the incidence rates being higher in males at younger ages and higher in females at older ages (Table 2) .
Similarly, the incidence of diabetes increased in Pima Indians (by 50% during the two 10-year periods 1965-1975 and 1975-1985) [17] and in other ethnic groups in the San Antonio Heart Study (the rate tripled over a 9-year period) in the USA [18] . The greatest increase was observed in adolescents aged 10-19 years in Cincinnati, Ohio (ten-fold, from 0.7 per 100,000 in 1982 to 7.2 per 100,000 in 1994) [19] . Although it is difficult to compare trends among different studies, the results of the present study suggest that the increase in incidence trends within a 5-year period in the Taiwanese population is probably among the highest rising trends.
Not all studies have reached similar conclusions. For example, in studies using registered prescriptions in Fyn County, Denmark, the increase in the number of diabetic patients was mainly due to the slightly decreasing mortality rate and the stable incidence [4, 5] . However, the potential bias in this study included possible changes in detection rates and in prescription practices over the study period [2] . Furthermore, the declining mortality in Denmark would explain only a small proportion of the increasing prevalence of diabetes [3] .
The major strength of the present study is the large sample size, and one implication is that the incidence trend of diagnosed diabetes in Taiwan could be well monitored by using the National Health Insurance database periodically, without having to follow a cohort for a long period of time. However, some limitations might exist; these are discussed below.
The results may have been limited by the exclusion of patients who did not join the insurance programme; alternatively, the patients may not have been labelled as having diabetes in the claim data submitted from the clinical setting to the Bureau of NHI. However, this is unlikely as the NHI programme is a country-wide health care system in Taiwan and has a high coverage rate. NHI is highly utilised by diabetic patients [11] , and hospitals would report all cases of diabetes in the claim data if the patients had diabetes, in order to receive reimbursement. Also, it should be noted that the Bureau of NHI deters false reports of diagnosis by imposing severe penalties.
The incidence rates might have been underestimated because of the exclusion of undiagnosed diabetic patients. However, underestimation may have progressively become less likely over the 5 years as a result of the increasing focus on type 2 diabetes. Furthermore, the motivation of the diabetic patients for follow-up might have decreased with increasing diabetes duration. Thus, the estimated trend might have been somewhat overestimated. To minimise the impact of changes in diagnostic criteria for diabetes introduced by the American Diabetes Association in 1997 [10] , which might falsely indicate an increase in diabetes, we limited our analyses to a period before 1997. Furthermore, the NHI programme cannot have had more than a marginal influence on the implementation of the diagnostic criteria as the programme was introduced at the end of the study period. This would also minimise the potential influence of policy changes on the observed results.
One might be concerned that the introduction of NHI in 1995 might have had an influence on the incidence of diagnosed diabetes. When we scrutinised the figures in Table 2 , we found that the increasing trends actually occurred before the introduction of NHI in 1995, suggesting a minimal impact of the introduction of NHI in this study. However, such an influence might not happen suddenly and would not be obvious over several years after the introduction of NHI. Whether this important reshaping of the national health care system could have an effect on the number of cases of type 2 diabetes detected awaits further investigation.
The prevalence of diabetes could be different between different parts of Taiwan. Therefore, the use of a fixed correction factor to correct for the fractions of sampled populations might not be applicable if we aimed at the incidence of diabetes in a specific region of Taiwan.
Recall bias might be a problem given that the mean time periods between the diagnosis of diabetes and interview were 6.3, 5.4, 5.0, 3.4 and 2.5 years for patients diagnosed in the years 1992, 1993, 1994, 1995 and 1996 , respectively (p<0.05). However, when we analysed the time period from sampling to being interviewed, the percentages for <1, 1-1.9, 2-2.9, 3-3.9 and ≥4 years were 19.7, 21.8, 26.4, 27.4 and 4.8%, respectively. When we analysed the time period between diabetes diagnosis and the time of being interviewed, the percentages for the periods <3, 3-3.9, 4-4.9, 5-5.9 and ≥6 years were 34.0, 19.7, 21.3, 15.4 and 9.6%, respectively. Therefore, only a small proportion of the patients were interviewed after a prolonged period of sampling or diabetes diagnosis. Furthermore, the year in which the NHI programme was introduced (1995) was an important landmark. We referred this landmark to the patients, and they actually had to recall only up to 3 years before or 1 year after the introduction of NHI. We therefore believe that recall bias had a limited impact on the results.
It was not possible to completely exclude cases of type 1 diabetes without confirmation by serological tests for antibodies or a pancreatic function test. Furthermore, some cases of secondary diabetes could not be ruled out. However, because the other classes of diabetes are rare, we believe that the results of this study mainly reflected the trends of diagnosed type 2 diabetes.
Although we used the BMI at interview, we believe that this would considerably overestimate the prevalence of obesity at diabetes diagnosis in those diagnosed in earlier years compared with those diagnosed in more recent years, because treatment with oral agents or insulin during the first 3-4 years was always accompanied by an increase in body weight [20] . On the other hand, the use of BMI at interview could have the advantage of minimising the chance of recall bias.
In summary, this study supports an increasing trend in the incidence of diagnosed type 2 diabetes in parallel with an increase in obesity at interview in patients in Taiwan. Taking into account the great morbidity and mortality associated with diabetes, there is an urgent need to take early action to halt this trend of an alarming increase, especially in the young generation, in whom obesity is a potential target of intervention.
